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im^^m.] 0007 

[X-IIS^XH 2002.12.14 
[^Xil^si^^] H04N 

^^ss] mm mx\ ^ o\m oimm c\x\m tv 

[^^SSI S^SiJ] Channel equalizer and digital TV receiver using for 

the same 

[m^213.^] 1-2002-012840-3 ■ 

[□Biej] 

[□£|oi3H] 9-1998-000022-1 
[fi#?IS^^&!m] 2002-027000-4 
[CHSieJ] 

[ □ ai oj M H ] 9-1 998-000279-9 
[SS^^IgJ^^eiS] 2002-027001-1 

HONG. Sung Ryong 
[^Ri^^ei^] 701220-1109031 
[^^Sisl 463-480 

■ 4-1 



i^^] ^^Ai ^ir? e^e 133 a#^so^^^M 904-130 

[^2^1 KR 

[^S2! S^S:*!] KIM.Joon Tae 
[^eie^eiSl 670927-1064011 

449-908 

[^dbi §eJAi :'isg §^£t ¥^!0HI^M i02e 110m 

[^^1 KR 

CHOi.lnHwan 
[^oi^^oiSl 740713-1143517 
153-034 

[^dbl AHe^^Al. A|S4§ 173eiXI 16S 

KR 

S^S:*!'] KANG.Kyung Won 
[^ai^^gjg] 750214-1031612 

[^^eiS] 120-180 

AHe^^AI AHCH^^ 4-70 lOIS • 

I^^] KR 

S=S:5|] SHI N.Jong Woong 
[^oj^^eis] 721230-1897715 
[o^gjg] 635-891 

4-2 



s^^ys D]m^\ 9403X1 

[^^1 KR 

§gs:?|] KIM.Byoung Gi 1 1 
[ ^ &" e ^ gj s 1 750328- 1 025623 
[^^eiS] 135-280 

i^dt] A-\mmmM i^y^ ct\x\m oi^om^ zosm 904m. 

[^^1 KR 

[^§£1 KIM, Woo Chan 

[^eje^Sis] 730813-1127315 
[^^gjs] 461-200 

^yAl 692-4^^X1 402s 

[^^^1 KR 

[^go| KIMJae Hyoung 

[^eje^eis] 730205-1024722 
404-320 

oi2ig«A| AH^ 567&!XI KALOHIFM 101-1301 

[^^] KR 

[^11] mm^ ni425£i ^soirsit} asi. xii605£i =Rmo\\ 2\ti mm^M 

□ die! sgej (ej) 

□ d|oi ^S,^^ (21) 
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[IJI^^SISI 20 
[:?^<i^#^S] 34 

0 

[^AFS^S] 40 

[mm 



>! 
si- 



29.000 
34.000 
0 

1.389,000 
1.452.000 



^ 'i-^-S- ^3]-^ -^^^oilAio^ ^fl^ ^J-Al ^ Oil- o]^*]. c]^l^ TV 

0.^0. zjigflxi -^51-7] 2| ^7] Tll^S. 

s^*i-^^>H, ^^^^B^ -2.^1-71- ^^fl*]-^ ^^M- ^^^^^ tijijacf ^^^1- 

^ ^11^^ f-Sl- ^ ^ ^M. ittl:, 7l^ A] 

^ '^<2^ ^fl^ ^S}-7l3l ^;m^oi cff^;g^q- ^3}.^ ullB^-]a €^(SFN) ^■^] 

Dlloij^. al-A> <yt!: ^3fl ^ ^3]-^ ^57]^ c-flo] 

£ 3 

^11^ ^-i- <^l^.>3l.^ LMS. -f-sj- 
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-^^ oil- ol-g-?]- M^l^ TV ^-il 7) {Channel equalizer and 

digital TV receiver using for the same} 

£ 2^ ^ ^11^ ^^^711- o]^^ ^s}-^ 51]^ ^1-^1 

£ 4a i^^l £ 4h^ £ 3^ ^A^^7] ^3)- 

210 : ^B'i ^^i-T- 

300 : ^H'^ i^o^-?- 321.322,333 : FFT-¥- 

323 : # 330 : ^^^-^^ -^S?-?! 

331.334 : 4^ ^-^^^l 332 : IFFT:¥- 

54-2 



( 



OoO • 


o -I -I ^ M <S O / 1 


336 : 


^^^71 


337 : 




■ 338 : 




341 : 




342 : 




343 : 


— 1 


344,420 : ^^^7] 


400 : 




410 : 





'^'^J-)* ^1:^ afl^^VJl z| ^Jl-* 3.7] ^^<^] o>^s.ZL ^^S. 

^^^V'g^i ^^-^d^^^ -a^V^l ^ 

^ Sife -^J-E}l7> slcf. ttfs^-A-^ 2)1^^ ^^^^.-¥-£1 ^ ^^sfl 1^7] 

^H^s^ i-^J-^ ^tb ^S)-7l^ ^ll-l-ol ^==r^<^lc|-. 7KV ^o] 
i^H^ -i-5}-7]^^ LMS •yrJnal^^ °]-%-^ ^fl^ -^2)-7l (Decision Feedback 

Equalizer ; DFE)7> SO.^. ^^7] DFE^ ^S.7} ^S. ^5}o^ -i- 

o. tiVA.>/gSl- Jf-sfl 1:<>15.^ <?I^<d51 ^^aClSI) Jlii^B ^^(Ghost 
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r r 

Signal)^ ^ niloi y^s.^ ^s]] ^o^^ 3.7]% i^^sfc^ 

^^tlJL u}D]^] ^^1- -^*flA-l l:<HiL^ ^511-8: sl-^r 

£ 1^ '^J^<^]^i "^^^J^^el ¥^7]o] ^^^^% q-E}- 

iflja ^i:^-. £ 19] ^^-^ 7^r^^] ^EiCFeed forward FilterXlOl) 

1- -i-^-H ^o] Ti^^z]. Al^V^o.^ i^,^?]- ^SL^ ^. 7}P7}-S: Jli 

oj^t^ ^^^Ei ^-im^E-i (Feedback Filter)(102)l: -f-^l-o^ ^] 

^ ^^^^ ^oi] Ai^s. 2. :[7-^^H2^ ^17-1 

^1-^) ^4. 7V't]-7] (105)^ -^^7] ^E-](101)^ #^2]. ^^1^ ^Ei(102)al 

E-lel-cx^ ^^^-^-(Decision Device)(103)S. #^^>J1. -^-7] ^^^^(103)^ ^o'" 

7] 7l-'L>7](105)^ %^ ^^^itl- 7l^^i?]- tijilB^l-o^ ^j-7l 7>'a:7l(105)S^ 

#^ ^:t:l- 7K> 7}-^7]-^ sfl-is ^^i^^. Olnfl, ^o^7l ^^^^(103)2^ 

^-ll^^E] (102)2]- ;^flo1-^(i04)S sl^^^^cf. ^, ^o^7l 7|:&^eK102)2] <y 
7]-^V7Kl05)2] #^0] o].qj7, 1^^^(103)1- -f-^ftb 

ttf^l-^i, -^^-71 l^j^(103)o]lAi ^^jo] ^j^^Ml i-H^^.^^. ^5l-7l #^ 
-^^^ #'>11 ^'-^l "^y^T^ ^6^Efl<HlAi ffl^^EKl02)2] ^^0.5. 4 

S]^£l7l aB^<Hl ^^^^^ ^-^J-ol ^^^^M-^l ^711 S|<H <^lV^O.^ -^^7] oil 

al^H ^^t!: Stb. ^^}-7|- ^-f<Hl^ ^e^oi 

MLSE(Maxinmm Likelyhood Sequence Est imator )<=>]1 al-^tl: ^^^^M ^ ^^^^ 

^11^ ^-f ^■l]MEi( 102)2] 'y^^s. ^o]7}^ 
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i^]-^*J^J-%(Error Propagation Si tuat ion)^]] ^7> ^Ic}. nflo] ;gs.7> 

JL aVAf ;^soj.^ ^Aisj ^-f ^-f^ -S- 

'y:517> A-^S. ^S-S ^=1^^ ^-fCSingle Frequency Network ; 

SFN), z| ^J-%ol -tli-i- '^H] 

^S.2f "^VAV^gS-S] ^^]7} y]-^^ ^2l-7l2l -^^^ ^^J-ol ^^-^S^l- 

D^, o]^ olefl ^717} ^^7] ^^o]]^ ^^^^ ^11^ l^S^o] 

o] -^a)Dl5fl;^l7ll ^1 -"J-^^l cfl^fl^i^ DFE7> ^]t:^S. ^S\-^ **fi^7] afl^ofl 

cf^^S-M- SFN ^B^^ i^oH)^ ^^'-^f^l 

tt^, ^ol-7] DFE ^2:31 ^^1^^^ SH^^VJl^f ^^^7lSl- ^-i- 

ol-g-^V ZFCZero Forcing) ^s}-^ ^fl^ ^J-^l^V ^ ^^""d^] ^1*^:^ 

aV tlJ: : 2002-45575S. l^^'y 2002\i 8^ l^^). 

£ 2^ ^J-71 ZF ^2]-^ -^"^ ^1)^ ^1-^1^ Ir^SS-Ai, 

^(210)^ ^^^ds: ^<>11 ^SJ^^ 91^ ^^^Sit o]^t}o^ :^^ ^fl^ h(n)-i: ^ 
^ ;,|.^ o.^|.oi (Least Square Sense)ofl'H ^^^«V7ll ^^^^f^ ^fl'^ ''^"^ 
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oj<^( i5'Cco))o.^ i^^Slil, ROM Bfl.ol^(223)^. ^^}^ ^^^fl^^ ^44^ -§-'^ 

oi -^Cco)-'o.s. ^^si FFT(221)^1^i ^sj-n^ ^^^^ 

rCco)sq. ^^fl7l(224)oll>^i ^*><^^i^. ^oi-7l ^^g7]{224)3] 

IFFT(225)«11H cfA] A]:7i-oj.^ o^,^^^o.^m|^ zF "J-^^^ ^fl^f-sj- 2]-^^o] ^ 

v+ Al:7]: <:g^ Cllo]Ei -yiro] <^o^^l7ll ^Cf. ZLE^Jl, ^2}- ^^^^] ^-§--8: 
-.^7] *nJ.oll wfl^lS)<H ^I7i7l(230)^l^i ;*l]7l^V7fl ^cf. 

£ 22^ ZF ^11^ ^f'^s. ^ll^olM- SFN ^B^<H1£ 

s. ^^^^^ ^^^^^ '^^^ *>^?l^l- 7}^]^ ^ 

>^J-7l^ £ 2^ ZF ^fl^ -§-5}- ^;.j«-(210)2l 
^^^ol] o^^^l-Jl Si^^^. ^^>^> ''^^a ^^tV ^fl'i^ i'^o^'^l °1 

^<H^1^1 SA^- 

^ a^V^o^ ^^1^ ^3}.^ ^^oflAio] ^fl.^ --Sl-Al ^fl^ '^^^^ 

^^-^ -11^^ 4>%<=^lHi. ^ ^ ^fl^ ^^^1 ^ 
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TV ^-tl^ll: ;^1^^<^1 91^}. 

Aij:^ o]^t}c^ ^11 ^-i: ^^^^fJi nS-^E^ •^^1]'^^ -S-^^ T^^fl^i ^ S^: 

Siv. ^-11^ f-2^-7ls] cff^^^M- tilB^lH 

«:^(SFN) -LV-^V "J^^ *7l-^^^ ^tb ^ 

>^ii^2i ^^-i: ^^^^}^ ^11^ ^^^^sf. ^1-71 ^ ^ 

^fl^^ -§-^* - "^^^ ^' ^""^^ ""^^ 

^2] ^fl'i -S-'^^ ^1^^ o]^ C^lojEi ^7do)lA^ 7^1 
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^^s.-^Bi ^^Ai ^-^-t ^]^^}^ ^^y] ^11^ 2fl^ ^'^-^'HlA-l 

^ ^fli^c^ oj^^ -S-^-^^ ^^^S. ^Vcf. 

S- ^1 1 FFTCFast Fourier Transform)-^sq-. ^o^7) ^11^ ^^^^^fl^i ^^^^ 

^fl^ 01^^ 0.,^0. Oj ^ o]] A-] ^5]-^ <m ^S. ^^^^ A 2 FFT^S]-, Aj-y] 

:^]^^t}JL 9X^^. -^0^71 ;H1 2 FFWlAi ^d^ ^fl'^^ 
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r r: 

^^^^^^ ^^1^5. ttl^l-. 

^1-71 1 FFT^^ M°J l"^* ^1^ ^-^sf^^jA] 

2 FFT^^ ^Jol NPJ ^^^^ ^fl^ ^^^1 FFT -i-^ 3.7] <y N 

oi] ^V£S. o^jt* ^ '^^^ '^"^AS. ^^1^^ tVi:^. 

7^1^ ^^Ais]^ Tfl-M:* ^ #^^V^ ^1^ ^534, Tfl 1 FFT-^oflA^ 

^5].^ oJ.^o^ ^Al A] J: oil ^-^V^ ^fl^ ^^jsl-fe ^ 

^ ^-^^^IcHjAi #^£l^ Sfl^o] ^4=^ <^^21 Al^l- Al^V oj^ 

^>^^^>^ IFFT^4, IFFT-^^ #^4 ^vo. ^iT^-^oflAi ^l^H^ 

^AS.9\9\ 7\% SLy^\ <?J^«^oV 'SWfe ^1 3 FFT-^4. 

71 ;^1 1 FFT^'^lHi ^^^^ ^i^^* ^ 

o« ^5^^714, ^o^7l ;^1 3 FFT^Sl ^4:?jf:>-5^^7l2^ 

^ ^^7]^, ^>7l ^^^71 Si Al-olZ^Ca )♦ ^^1-^ ^^^7l 
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^ 75Al-i- ^*Stb ^ l^f'^l ^^7] 7^1^ n§a^ #^^1-^ 7\^7]S. S. 

^J-7l 3 FFT^^ ^a^l -tl^ SJ:<^1 FFT 1:^ 37] ^1 N^l 0 

ol 47]^ ^s:^ ^^^^ <^l-§-^H ^^7l ^1]^ <2ll^ #^o^] 

:.^^n>^ ^#^}c^ ^51-^1 f^^^ ^0-^* c^l^^fe ^^-S- -^]^7l2}, ^J-7l ^fl ^ 2fl ^ 

.^^^ '^'■7] ^]7]^^ ^^Sl^. ^o^7l ^^-S- ^^iTl^oll^i % 

^S. ;g-^ol ^]]7^^ ^^S^ 7^1- 7>Z'>^ ^^^iJt* #^.^V^ 

7l^V -g-<LHl^ ^^^^*. -^-ll^l^i ^^H1^ ^-g-^l ^1^^ ^^JS):^ -Jd^ 

^Vc^ -^0^7] ^1^7lS. >$d^7l2^, >^ol-7l ^J^7ll- #^^1^ ^ 

SSj- >a-7l ^^ol--^^ ^^^^ -^^^ ^^"^ "^'''^ 

^ ^^^J-^^ ^1 3 FFT^^ 7u^^J7ll- ^^J^^ tb^l-. 

^ ^vc^o^ ^A]c^ioli cci-^ ^fl'i f-sl- ^1-^1^, -ids:* ^3>4^ '^'^ 

54-10 



^H^ 2)1^ ii^J-^Sf, ^^7] 2)1^ -a.^o^^Sl #^0.^-^E^ ^1].^ J^^A) ^ 

■^€1 ^-i-* ^^7] ^fl'i 2)1^ ^^J-^oll^i ^l^v 

SI^ ^-g-^ ^iTltl: ^ ^1^ ^^A]^ 5]]^ ii^^S 5]^ 

^fl'^o^ <yi^ -g-^^ ^^j^H ^2I>^ ^-S^o.^ "S^^l-Jl, ^3}-^ '^^9Ji 
<y^i -g-^o^ >g-7l ^1]^ ^21-4^ c^o^ 

^ ^vtgo^ ^ 4^ ^A]o^]ofl 4^ ^fl^ ^1-^1^. ^fl^^ 

:£S-^E-1 ^ii^o^ -g-'^-i: 4^;^^^]-^ 5fl^ ^^^-^fif. 4^71 Al^ ^ 

^fl^sl oi^>- ^5).^ cg^ Aij:^ z^zi- i^^tl: ^. ^21-4^ 

o^Q^o] ^fl^ ol^^ 0.^0^ o^^o. ;^)^^ ^^;^^^}-JL, o]^ c-1]olEi. ^7^d\]A^ 

-a^o^-¥-# 5£%i-*M ^-^^s]^ ^^1^^ 

-^oM^ ^ ^^^^ 5£ ^^I'^l^ ^^7] ^H'i 21]^ ti-y-^sl #B^o.^^Ei 
-^SfA] ^s.^ <^l^^l-cx^ -^-7] ^1]^ fifl^ ^-^J-^^^Hl-^i Ai 
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r r 

-i-'^^ ^^1- ^, ^^}^ °j 

7] ^fl^ -^.^J-^S^ #^ o.s.:^E^ :^2}-Al ^S.^ ^fl^ 211 

M.^^^ ^ 1^^^* ^«fl #^^>^ ^l^i S^^H ^^^s]^ 

^ t^oj s.^^ ^ ^^^tl: Jt'S*. ^^l-^^llrS^ 

4Mlt!: ^^^^ -i-^H 

ctl, s'^o]] £A]£iji ^ oi^o]] o|«))A^ ^d^s)^ ^ "^"i^ ^^i^ ^^-§-^ 

el-uj-a) ^Ajojj^A-l -i^Sl^ ^Jol"^. ol^°fl 2]5H^-1 ^o'-7lt!: ^ ^^'^^ 7]^^ AJ-AJ. 

£ 3^ ^ ^^^°fl 4€- t^l^l^ TV ==r^7l2^ ^^^]9] ^a^ # 
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r 



^11^^ ^^fl^ofl ^H'g-^l-^ -i-^-i- ^ 

7] Al-g-^>D^. ^^7] ^7] ^1^1- t^]o]B\ ^ 

S. ^1 1 FFTCFast Fourier Transform)-?-(321) , ^^7] ^H^ ^^^^(210)<Hl 

^1 ^^i^ ^11^* ^ix^^^-^O-S- ^1 2 FFT^(322). 

o.,^^ #(323), ^ ^o^7l 1 FFT(321)'>il^i ^ a]^o1) 

dj^v ^s]-^ oJ<^ ^5]->-l ^J-71 l-(323)oflA-1. ^s}.^ 

AV-g.§>D^, 4)-7l Til-M- 7MJL 0flo]E^ ^g-oj- sfl^^ ^d^^l]^^ LMS ^J".^ 

71(330)5. ^-^^€1=1-. 

^s}.^. oj^ f-S)-7l(330)^ ^o^7l l-(323)^l^i #^^1^ -i-'^* 

n^S. ^D^ ^^'^l ^1^* ^]^^^}^ ^1^ H§3(338), 

>a-7l 1 FFT-¥-(321)oflA-l -ySL'H] >a-7l ^1^ «5a(338)«HlAi # 
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r r 

\ 

n^]^ ^^}°^ ^1 1 FFT-^(321)ollA-1 ^nl-^ «:^<^ Ai^oil 

^ iifl'i 2fl^^ ^-^^71(331). ^^^i7l(331)<^lA^ 

Sfl^o] ^31-^ 0J03 A]^^ cfA] Al^V -^^^S. ^^^r^l-^ IFFT-f(332). 

IFFT-¥-(332)2l ^vo. 71 ^(400)011 ^^o] >O^S!l-ol ^ 

^} 'a^^^^f ^sl-T^ ^^-2.5. ^^5>^ 3 FFT-?-(333). ^^7] ^] 1 

FFT-^(321)«HlAi ^sl-^ A]^o^ :g-ofl 4:ii^(conjugate)* #^^]-^ ^ 

o« ^i^j7](335), ^^7] 3 FFT^(333)Sl ^^-^ ^S^^7l(335) 

2^ §^V^ 71(334), ^cJ-71 ^± ^^|7l(334)^ Wn<^] 

a>o1^(q )^ ^^^71(336). ^ ^^0^71 ^>g7l(336)^ ^oM 711-^ 

«§a(338)S] ci^H 711^ 7^^^ ^^5*1: ^ 7^14^ nSH(338)o11 ^i^l-^rj- 

^ 7]-^V7l (337)5. ^^^€4. 

o]a]. J^vo] ^^^^ ^ ^^<HlAi, x(n)ol5l-i *>Jl ^7>^1]^ 

y(n)^ i^]-#Sl ^t}r-^ 14 ^^o] ^ oit:]. 

I^^^^ 11 

At 

S. 3'^Mi ^fl'i ^^^-?-(210)^ y(n)^ ""^n^S. ^^^^ ^a]^ x(n) 

^] ^^VS.-^ ^ol^ ^71- ^11^^ ^J^rfi -§-'3- h(n)-i: ^^^^1-^ ^1]^^ 

^tbt!: "y^i ^^^^1 ^fl"^ ^^-^0^-^(300)51 2 FFT^(322)S- 
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r. r 

^#*VJL -^^-7) Al^V -^oj. ^11^^ 71^ -g: ^^-ilSSf o^HiX^ ^ 

^^S.s>\-9] ^^s. >a-^?Jt(Cross Correlation Value)* ^*>^ o]!- ^^^^ ^l]^^^ 

-5-^-^^ #^^}-^ -^J-^ «o'-^ (Simple Correlation Method : SCM)ol 9X- 

1^. ^j-7]^ wj-^^ ^>^*>7] .nfl^oll sl-c^JlcHS. ^^o] 7]-^*!: ^V^^l 

5.71- ^A^^ "^^1 -2-^l-7> 3.711 ^711 sr} 711 =1 Dl^o] 

'^•^ol ^^^1^ ^^^^^ ^^^S. ^'Hl ^7ll5r>^ CllolEiofl o^^V 

3711 «l-.7il Slol ^11 ^^J^ l:7>¥sl-Cl-. 

tt^, # cl ^j^*V 91^ LS (Least Square 

Method : LSM)^ 1}-<!=1^1 al^fl ^^<a3:7> «Jj^-flal ^^^-^ xt\^] ^Jl 

^-fcHlS. ^j^tl: ^11^^ ^^^°1 7V^*>4. ^, ^1^* ^^'^l-^n. ^oM ^1 

5;t(Cross Correlation Value) p* ^^7] ^^^^^ 7^1-71 -^-^sJl R* ^ 

tl: ^. T^^-tl-tl^isl- ^ ^3i^d:5:si ^^s. ^^^^k^l p^<^1 ^^fl^rl-^ ;^l-7l 

-^0:1 <^AV^ §11 #o.s.>«| :e.nl. ^^^tb/B^* 

7)1 £l^ 5}ol4. ^^t-il. Aj-7i^ LS *ii-<^(LSM)^ ^^^3.7} ^^^91 ^-f^ ^1-71 
^c^^ Rol Identity *5^ol s\b.S.. SCM(^e ^J-^ «o^^)sf LSM^l ^41- 

iflTll Stir. ^7l LS 1j-<5^^ ^o^^ wl*!-*^ ^^tl-.T^^ 

54-15 



^^^^ ^^-tlXS] 7.\7]^^^ * ^. 

^fl^^ 'y^^ -s-'^-^s. ^A'^]^. 
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r 

^^7]^ ^"4. ^1-^^ 'i^'^* ol-S-^V'^ ^11 ^^^^(210) 

6\]A] ^^^^^ ^^9] ^tlrtl: 'a*^ ^^^^1 ^^^''^^ ^11^ Ja-^j-^(300)fi1 

>il 2 FFT-^(322)5. 

^. ^11^ ^5^-7> ^sl-^ 'i'^<=>\]M o]^o]P]B.^, ^^7] ;H1 2 FFT^(322)^ ^ 
^l^J: ^fl^^ ^J^^ '^^"^^ ^"^^ ^^-^S. '^^^VJi, ^3}-^ 

c^^o.^ ^11^^ -S-^ ^Cco)o^ ^(323) 0.^ <=>1^, ^1-71 

2 FFT^(322)2l 3.7]^ no]jL ^^1 -§-^^ M7flolo^, ^^-^l 

A] 2 FFT^(322)^ M7fl2l -f-^a-^l M7flsl -0^^ ^7V*>o^ 2M=N7l]Sl 3.7] 

-^-7] #(323)011^ ^^k^o] u]^ Eflol^sl-^H 

#(323)oflAi Aji«5lcH oj^ ^s}-7l(330)2l «53(338)S. 

frequency bin)ol ^;^flt^^:a ^V^^e^-^. ^ ^^Jr^l R0M(323)* "^^fl^l 
711 €4. 
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r 



ZlA^, #(323)-i: l-*fl ^«H^ ^^fl^^l ^"^^ FFT -ir^ B-'A 

°v>^S^ x1;^V7ll- i\W «5 3.(338)3. ^1^ ^fl^ l:<>l-2-^ 1:^ 

^^-tlJial-^- T^S. ^Jl. ^7l A]^o1lA-l tt^'?]: ^-5- 
M-71-^ ^o^^^^ #1^ ^1^. ZLE^Jl. «o^^* "^^^^ 

^£ Sl^^ ^i^l^Hl '4si-^i ^°li=f. 

ojQ^oi]A-1oi ^^7^^v^AV(Linear Convolution) ^1-^^^ FFT-l- ^V-g-^V^ ^^^■l'^'^ 
-LHCircLilar Convolut ion)^S. cfl^l^]-ZL cfl^l^ ^^^^^^-^^V^ ^^7} ^d^^^^ 
c^x^Q\ ^-j^J- «,VAi^ ol^g-tVcf^ ^4. ^1^1- 1-^ 

s LMS ^-g- ''^^A^^ ^\%^\^ A^^^^ 

vfljL. ZL ^^V-tlSll- -"J^^ -i-^^l ^1^^ 
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^o_s. ^oj^cf. o]^p]] 7]^icH-^o.^ ^o]^ ^^-tlJ: y(n)^ ?\] 1 FFT-f (321 )oll 
^5]-^ ^ ^5>^ om ^s}.7] (330)0^ ^^^71(331)^ # 

ol^H. -^-7] 7-11 1 FFT^(321)oflAi cg^o^ oi^ Aij:^ oj^o.^ 

^^A] o-o^^ ^o._ Al^>oj^oiiA-].c^ ^^^^'^i-^^d-t]:* ^^^a^^'^l-LV^^ ^^]^ 5J 
afl^ol] ^ ^ ^-a-ol 'U^y} 7-1 ^J- AV-g-^&l-c^ o]: Jl , ccfE^ 

<=i]* 1-^, FFT 5L711- Noje}- *1-J7, N = 2M(^^^ = 50%)o]s^JL 

k^i^l] cf^Sl 4^t}-<J^ 2fi|- ^o] ^>^^^cf. 

2] 

4el-^i. ^tJ^ 3.7] ^l^V ^^9^ t-llolE-l^ 4 1 

FFT-?-(321)-I- -f^fcrj N7H2^ ^^^(frequency bin)^S ^^£^^, -^J-7) N7l]5:i 

^^^-i-^ ^± ^>S7](331)^l^i 7^1^ «5H.(338)o11 7;\^JrS]o] 91^ 
H7l(N)^ ^s)-^ oj^oj^c}. a^7lAi. >^^^-§-o]e1- zVzv 7^ 

^ ^s]-^ «!( frequency bin)^le]2^ ^tb^. O.^JL. ^^7] ^2]-^ c^<^o1|a-1o^ 

^ ^SL9] §^ Al^V c^^ollAio^ ^^^'^•Hl «fl^€T=f. ol^T)) o]=cH^ 4i 

§^'71(331)21 ^9] ^3^^ ^rt^^ <mo:{ ^Sj-ofl ^S^7} o]^o]^ ^31} 
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^j^-S- IFFT ^^71(332)5- c}a] a1^«^^o.^ ^ ^^^^f. 

^^7] Aj^cg-^o.^ z(n)olal-Jl z(n)^ 3.7]?} N7}|<?I a] 

^> ^"5^ ^^^^ = 50%9l ^^2] oill- S-i^, o] ^ o1.o| M7H ^^1-^ ^ 

^;^>^v<^A].o.^ o]^ oil«^2:]o^^i A^«.oi 5£^s]o:| ojj7 :fidv m?!!^:] a^^o. olj^s;] 

^ Sl^l IFFT-^(332)S] ^^^] ^,§1- ^<^l-^i ^^^^^^ '^^J:^ '^^ M 

7})o^ A«^^ ^#7l7> oj-Al^^^^ ^^^^S^Tl] s^cf. 

«HA-1 <gcH;^ M7110] Al:^V ^ a]^ z(n)^ o] ^ ^^^]^^ ^«fl^ ^ 

5}- 7^l^l- 7}^]jL ^^-7} o]^<>\^ m^^"^)^ -^^^#(v(n))2^ ^j^s. ^ 

^7f ^4. ^oM ^5: ^ofl -^-ilj ^^-S-^ ^^S] ^)7l^(400)o11^i 

SEtt. ^J-71 ;'1l7i^(400)» -1-611 ^1-^01 ;H17]^ Al]^ 

^o^7l :i^J^(341)^ ^^7lSl #^21- 71-^71-^ ^^^^-i: ^^(343)S # 

^oi-7l ^^(343)^ 'U^^ '5d^7lS.^i, ^^'Hl^i^ ^^^^ 

71(342)2^ ^e^Ji iHjolEi ^^LHl^i^ 4^^-^(341)^ -id^^H 

-f-^7]s^ ojAV^ddeal Value) SE^, 7l§?]:(Reference Value)^^ ^, 
A^7l °i:di(343)2l #^-8: 71 -^(400)21- ^i-LM (344)5. #^€cf. 
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°J"^ -^21-71 ( 330 ^mk^s] ^^f^cH]. o) ^> ^o] ^]S.7} SjD^, o] 

^] 3 FFT-^(333)^ ^z}^ "^^^S. ^^^cf. 

olnfl, ^1 3 FFT^(333)2l 3.7]^ no]JL ^S^^^ M 

tl: ^1 3 FFT^(333)5. 'y^s]?!] t-Vcf. 

^oM ^1 3 FFT-^(333)^l^i ^^S^ -2.:^> -tl^ ^C'^)^ 4^ 

^^^7](334)S S?!:, ^^7] 1 FFT^(321)ofl a-^ #^5]^ ^af^ ^^2^ 

^Jl Y ^<?fl ^^5it(conjugate)'^l ^^-^ ^dt^ ^5^^71(335)1- ^ 

^ ^^^71(334)5. 

o]]^ ^^7] ^1 1 FFT^(321)^lAi #^£l^ ^2}-^ <^^^ Aij:7}. 

a+jb ^^S] ^^^s]-!^, ^ofl ^4,^ ^^^^7] (335)011 ^s^^ ^j^o^ ^ 

^ a-jb7l- ^cf. ^. ^^^(a)^.^Jl. ^^-¥-(jb)2l ^J: 

ov tij-cjjo] ^ojj ^±.^(conjugate)e} tt^. 

^^7] ^± ^>a7](334)^ ^J-7] 3 FFT^(333)^ #^4- ^^St ^J^^ 

71(335)^1 ^>S7](336)S m^n^^. ^^7] 

§^^71(334)51 ^AV^ Al^ cg-^cHlA^s] '^^<^1 *fl^tl-cf. 

ol^Tll ^c^l;^! >^J-^ -^j-^^S^ ^5f^ '^"^ -tl^^ ^-^^71(336)^ <ij ^ 

£H Afol^(a ^ 7V'y:7K337)S #^^4. 

^^7] 7f>5L>7l(337)^ -^-71 ^>g7l(336)S^ 'S3(338)'^lAi 
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^ «53(338)o)l ^-l^cJ-slcH SI^ 7]^ ^l^sl- Dl*H;^Ai 4^ ^B^o^ 

^tV 711^5^^ 5.] 7]] ^Cf. °1^^V7M^. ^j-71 7]-^7](337)o]lA^^ 9l 

5l<H-^i-£ ^2)-^ "^Kfrequency bin)^='le:i Dl«fl;?iAi Til^ ^S^o] o]^o]:z^ 

-M^tl: 7^1^ ^'^^ ^^(Unconstrained) ^1^^^^ 

^ojE^-Jl S>i^ ^^o^ cf^^i- ulj^o]] 4.^^£o^ ^Sl-^j^oilS l-^^>il ^^o] 
^>-§-SlJl «c}-'iom. c^7lAi, ^;^lol:ol5^. *Vo. ^|>^o^ ^o]^ M7fl'L> ^^fl^H 

^I'^.HConstrained) Tjl^ 7|a1 «j-Aio.^ 7?1^ 73^1^ oicf. 3., 

#>^^7](334)^ IFFTl- -S-^foi ^l^V ^^^O-S w>^JI H ^'=Hl>«>i M7ll°]: 

^ 7j]^ 75 Ai ^^].j7 =^o^ M7lja) A^^^ S-^ OAS ^l«rt!: ^ cf^l FFT ^ 

''i'^^ ^1^ ^^^^s. A>^5>^ ;^]^T= Tii^ yj-^i^ oi^.:^v 

^S. 3S^M-, '?]-^ FFT IFFTl- sl-:B^fl<HS n^^^l-^^-fl ^^^^ ^l'?! 

(latency)ol o>7l^ ^-ll* ^H<^l>«>i2l ;^l<?i^o] ^^7^ ^^]<^ 7]]^ 

^isf^ ^;^l£ 9X^E.S. Af-g-Al ^slsfcx^o): ^^cf. 



54-22 



r 



"^i^i. ^^-y^ x(n)ol oj-iJ-szLSl- % ^2^S\o] pcD^-S- ^ 4^-t]7lS. 

Al£)ol ^4^1- 4^71- oj^o^^ -ai-^^ ^11^^51^ ^AA^^^ ^S. 

^l-LV -^7^ ^ll'^o] oi^^ o.^^..j^(^)olE^.j7 ^\^^ ^-tl^J: y(n)^ ^^^i 
^tl- «>S4 x(n)52]- h(n)s] ^'fe^ol^(convolution)-2.S ^ SX 

^. ^ ^^^^ ^5^712] #^o.^-^E-1 ^^-i: ;Hl7l5>^ 7H^ai 

^^^^ 4- ^oMlt-V -i-^^ tl:^. ^^^^1 ^^j-o^ ojA]- ^ 

7} h(n)» o>5flo^ ^*]-^ 331- 7^^^ ^^S. ¥7lS. *]:i::f. 

[^^^^ 3] 

Musi's, ^-tl -tlJfe^ r^^^S^ X(w)^ Sfl^o] ^^^o]7] nfl 

^<^1 £ 4a2|- ^IL <0^oi] c-l^fl^l^ ^-g-o^ W(w)^ £ 4bs|- ^ 

cfJl 1- ^ ^4. ^J-7l€ 3ol]-^i c^l^lt!: ^fl^2] -§-1^ H(w)^ 

£ 4c2f ^E^o] M-E}^^. ^fl^* y(n)2^ ^3)-^ -i-^ Y(w)^ £ 4d2}- 

^5}-7]S] f?^C<»^^ c 4f2^ -i- ^7} 9X^. rtf&l-Ai i^C«)s^. 

'^Cco)o^ ^o. 4g2^ ul-El-v+cf. £ 4a ifl^l H 4go1]^i- u]-Efi4 oj^o] 

-i-sj-^ Alj^o] ^o.^ ol^o^;^ oio.^ o^V - olcf. ttl-El-A-l. ^ «v.go^ ^o. 
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-¥-(400)^ ^7] ^-g-^ ^4 -ff--^ ^-i-^l^i -HI 

oi^tl: «]-^ ^H^ s}]^ :a.'^J-¥-(300)<H]^i ■^2l-7> al-^^]- 

21- -H-'!^^-§-(colored noise)^^ ^^Su o]^o]:^ oic]-. ;(]i>i ^.(^qq) oj oi 

^ 'tl^* q(n)olEfj7 srl-i^, q(n)^ 5]-7] 2^ ^ej-Ai 45|. :^Vo] S^^cf. 
[^tj-^ 4] 

= ^C"D -+- 2^ " ' C^y^X" - Ar) 

-§-^3^-. ^^^1 ^7f^ ^-^ M^.s] ^^^^s. ^^ 

n+S^-^i. ^J-7l ^i-o. ;^]7i-^(400)2^ '^1^7) (410)^ v(n)ol JzfT^fi^ 

^J-^^^l7|- XI cf^ °l-§-^H ^^7] -^Afl ^.g. v(n)* a]Ei (random 

vector) {v(n-l), v(n-2) v(n-L)}7]- ^^1^ sg^ofl ^<^(projection)^1^.2.S 

SL^]^ «m^(forward predict ion)fl ^C")^ <S«>1nEi^. :J.^IL. ^i-'Jl>71 (420)ofl^i 
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^ SJ:-0O^ v(n)o)l^i ^ v(n)l- »-^'yi5)-(whitening)Al?Joil o^^i] -s^.^] 

^] .^17^^^ ^ $X^^. 

■§-°l ^]^^ ^^^^4r ^^^H 5^^(344)^ t^^-i- null -^^-11 

v(n)'?># ^#3^]-^ ^] 1 ^^<J:7)(401), ^^7] l ^1-^-7) (401)^ *?j^^o> 
^^H^S ;^1^A]7lJL, zi ^^o] v(n-l),.... v(n-L)* °)-§-^H v(n)^ 

■i: ^l^^f'^ vC'O^ AjAjsfl ^^1^7] (410), -^^-71 ^1]^ 2,1^ ^^1-^(300)^1 

%^ q(n)^^^B\ ^1-^ c4)#7](410)o]|Ai ofl^^ ^C") ^ BBflX^ ^ 

^s^A]7^ 4: FEcs. ^^i<^i ^^^-^(341)^ #^^]-^ 2 ,?]-^v7](420)s 

^^^^4. «^7]Ai, ^^^-^(341)^ ^^7] ^-g- 71171-^(400)^ 2 ^i-L>7l (420)011 

^^^<^] ^iT^sl ^, ^^-S-ol «HAfl2}-si Ai^al- 71-^J- 7l-;7>^ ^^^^-i: ^^*H 
^^(343)^ ^J-71 ^^^-¥-(341), ^^^S. -^^-^^ 71 (342), ^ 5^^(343)^ 

^fl^ fifl^ :a.'a-^(300)fil- ;^l7l-^(400)oll ol-g-Sl^ ^-g- l-^^lcf. 

nelJl, Sofl^i Dl <>i#=l ;^1 3 ^^-^1:71 (402)^1- ^1<^7](403)^ ^^-S- 
<^1 ^71(410)21 711^ 7^A)^ 51-71 ^t!" ^-o^-^i. ^1 3 ^1-^:71(402)^ ^J- 

7] ^1 1 ^^-^lM (401)^1- c)1^7l(410)fil #^ -tlJtlsl-l- ^l-* 

^i"^ 71 (403)5. ^^^yJL. ^]<^7]uo3)^ 'a-^ ^i^> ^i*a^i^ 

-^01-71 ^-g- <^1^7l (410)^1 zl- ^^7lS 
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^s]cH SZ^i^, o] Ai^ q(n)^ ;H]7l^(400)^ ^H] 1, ^] 2 ^^V7l (401.420)^ 

^^0^71 1 ^^'y:7l(40l)^ ^o^7) 2)]^ il'^J--^(300)2^ #^ q(n)-2-S^&i 

^^(343)1- € ^Jll- ^^ ^-^ v(n)°l-* ^'♦t!:!^. 

ol^fl, ^1-71 ^^(343)^ ^^1-71 4 1 ^<lV71(401)^ * 
^7l^V -g-o]-<^l^ ^^^SCtraining sequence)!-, H^JL cflojEi ^-g-o] 
^1;^^ ^SL^ ^^^^^ ^^5]-o^ ^j-7] 1 ^^^7)(401)S. ^n^^. 

1 7j-A].7](4oi)o]]A-^ ^^sj ^^-il^^-S- ^S. v(n)^ c^l^7l(410) 

Di^H^i 2 7j-A>7i(420)S ^^-g- ^1^7] (410)^ ^^7} 

41-^ 57> o]-u)j7 fr]-7]2^ 6^ ^o] 

/c=0 

i^n^ 6] 
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, r r 

•^1^71 (410)^] .^f^ojcf. 

ziE^Jl, 7}-^f-^(cost function) J* p^V^ ol]^ ^^|-^ cf^^ t^^^-^^ 

i^n^ 7] 

X. 2 

[^^^^ 8] 

=-2 • - v(;«-/c)} 

LMS <y-JIS]#^ Af^^l-^ 71]^ 7^A1^ AJ.7I ^tVAi soflAi 7li:H 
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u^E^A^, ^*<:")^ Al^Vofl 7^Aisl k«i^l] <^1^7jl^el-ji ^ «11 Al;7_Hi xl} 

75AlAi^ n)-g.£>] 102]. ^vo] o]=o^;g oicf. . 

[^n^ 10] . 

^1 3 ^'a-7l(402)sf ^l'^7](403)2] ;^lcHo]l ^^fl ol^<H^cf. 

;^17-1^(400)^ r(n)-8r ^7]^ 11^ ^4. 

c^7lAi, -C")o. «HaJ]5}.^ ^V^o. o]nl*]-tq-. ^17^^(400)3] #^ 

^ef'^i. ^o^7l ^«]-^ lis] ^^J^(341)ollA^ ^^^t!: ^(decision 

value) ^4:^ 1: $X^B.^ ^^^^^il^i ^^-tlxl- ^>-§-*M 2^ 

JL clJolE]- ^°)-^ ^f-g-*]-<^ <^]^7] (410)1- ^^^]f^5. ^^^^o] ^^ 

£ 6 ^ «vi^fi] 4 s ^A]o)]s.Ai. ^fl'i ^>-g-.^M ^fe -i-sl- 
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r ■ r 

^, y(n)-ar ^1 1 FFT-^(610)°il^i ^^A^ ^ ^ 

i ■§-^^7](331)fif ^5^^71(335)^ «5 3.(338)^ 

7V'y-7l(336)o1lAi ^ ^^y] ^± ^^^71(331)^ #^^^4 ^ 

^1^1 7>'tV7l(337)S. = 

34 ^<^^^>4. 

°]^J-<='ll^i4 ^o] ^ ^vrgoii i^^l^ TV ^^7lojlA-jo^ ^1]^ -§-21- 

7)^ A]^^ DFE ^2:2^ -f- 5^7)7]- -2.^1-^*5^>%-i: ^7) ct})^o]l Ai*!- 

4^ ^11 ^'^l 4 SFN 5fl^ -^cJ-^oflA^i oj-;.^^^^ o]^ 4. 01 cf. 

^4^ -g-'S-i: ^*flAi n gj:^ ^5].^ ^5)-7l4 ^7] Til^^ ^f-g-^VJi. 
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cfl^^l^i ^^H] cflefl LMS "J-^^S^ ^-§- oj.j,h:|^^ o]J^t}c^ ^Sj-l- ^ejsfl 7^Vjo^ 
^l-Ti] £]Jl al-e^-Ai. ^^^71* ^^s>7l ^tb ^f^?-)]^* t}]^ ^7]- olcf. 

'-jl^D, ^B^S] o^^il^ ^^^^ ^4-. cg^ ^]^^n> Af-g-5> 

Jl. LMS <y:ZLe]#^S t-flojEi ^^Vol]^ 7i]^ 7^^o] oj^O^;^]^^ *vo. 

S.^]. ^l-ol'Hl ^Mo] ^sr]-^ A]^ ^1]^ -i-al ZL^H .^fl 

4^ ^11. -'^l^*^^ -^21-71 oflA^ Dflo] a]-A].:;g^o^ ^^]7> ^Aj^ w>^^ 

s] Hefl^y 1-71^ o^^^^]-7l1 s^oi ^ZLtl: Hefl<^J ^7]9] -^^17)- 7f^€r>cf. 

oj-qel- ^^9] ^^o\] 2]^}o^ ^j5l];^io): ^Vcf. 
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r 



^11^* -i-^t!: ^^]^ TV -^s^^E^ ^ ^^1- 4^^}7] ^tt ^1]^ -f- 
'^o'-^l ^Ij-i* -^JJft}- ^11^^ -§-^# ^^^^f^ 

^J-7l % ^11^2^ oj^^ o.^^ c^o^ 2:^^ 

^^tl: ^, ^^^^ '^'^^ ^11^ 'a*:^ -§-^^ ^ii:!- 2:71 T^l^S. ^ sr} 

-^M ^fl^ afl^ :e.-^j-^2l #^o.s^E-i ^f-sl-A] ^3.^ ^v^^ <^|#^>o^ ^oM 

^1-^ ^]7]^Mr if-^|-<^ ^^^51^ ^^I^S ^11^ ^2}- ^ch^l. 

^1 1 ^oi-7l ^fl^ ^^^-^^ 

^'^■-2-^ #^*]-^ ^^^^ f-^ ^^^r.: 
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^1 1 «oHi ^1-71 ^11^ ^^^^^ 

Aj^V^ ^#^)-^ 4^7] .^^lAlTV-^o]: ^ll'^* -i-jzftl: ^^^^^ ^^7] 

^^s^ ;^>7lAj-^ ^^^^ ^ ^^i^ ^fl^^ *y€^ -S-^a- 

j^S. 51* ^1-^ ^1]^ ^s}- ^1-^1. 

4] 

^1 1 *oHl ^<>^Ai. ^oi-7l ^H^ ^^^^^ 

-§-^^3^ sg^^^ ^fl^s^ oi^rfi -i-^^s. ^^1-^^ 

^11^ 

I^J^^d- 5] . 

1 SIO^A-I, AV7| 2t]^ iAV«.^ 

^-tl^ ^1^^ ^J^^Hl^i ^5)-^ '^^^S. ^1 1 FFTCFast 

Fourier Transform)-T-^, 

^oM ^^^-¥--^1^ ^^^^ ^H^ "^^^ -§-'3-* ''■l^^ ^^<^l^i 

-^^^ ^^cr]-^ 2 FFT-^fif. 
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^V'SH ^o^7l ^S}-^ -y^^ ^^^€rl-Jl tq-A] Aj^V 

5 ^cHA-l, AJ.7I 1 FFT-^^ 

^«r5>^ ^fl^ ^Sl- 
L^^^'- 7] 

^1 5 ^^^i, ^^-71 2 FFT^^ 

^ol M<1[ ^11^ <a€^ -§-^^1 FFT 1:^ 3.7] 91 m] 0^^ ^ 

7}-^V ^ ^Hf^ <=>J-^o-S •d^^l-^ ^^J^S 
8] 

^J-7] 1 FFT^ofl^i ^211-^ '^^^ ^Jl'Hl ^^7] 7})^ «SaL^l>«>i 
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^oM 4^ ^^|7H1A-] Sfl^o] ^^jsl Oj^O| ^Al AlJ:^ 

t+A) Al^V <^'^ o.^ ^^^§1-^ IFFT-¥-S|-. 

^s].^ -^J-s^o.^ '^^Bl-^ 3 FFT-^-Sf, 
^^7] ^1 1 FFT-^oll^i #^=1 ^s).^ ^"^S] ^A] A]s.o] ^ojj 

^ol-7l ^1 3 FFT-^a] #^J2|. :gLofl ^^gj. ^^A^7]o| ^^).^ 
^oM §^J71S] #^o)l Afo]^(Q )^ ^^^7l<4. 

^1^ ^ cf^l ^oM Tj]^ MS^S. #?^sr)-^ 7]-<0:7]S -5^* 

^^J^s ^11^ 

^1 8 91^^^, 
91 ^^i^S ^1-^1. 

[^^*ol- 10] 

^1 8 Xl<H^i. 
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■ I 

^* ^^i^s *m ^H^ ^j-^). 

11] 

;*fl7-]^^ ^^J^^ t}^ ^1]^ f-sf ^c)-^l. 

12] 

^1 8 *oHl ^ol^i, ^^7] ^] 3 FFT^^ 

^oi M^l sJ:<=Hi FFT ^^ h7)^i n<^i -^7}-*^^ ^si- 

[^i^^oh 13] 

^J-7] ^flW fifl^ ^^o] 47j^ AlJio^ ^ 

^M.^ C^]^^}^ ^-S- ^]^7]S^. 

""ll ^^^Sl^ ^^1-2.5. ^fl'd -^2^- ^J-^]. 

[^^*o»- 141 

^] 13 9X^^-]. 
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^-S- ^171-^^1 ^n^<^] <^^^o]^ ;^o. ;^l7]«.o]lA^ ^ 

^■ ^17]^ 7}^^ 7}77\^ ^^^^i^ ^^i^^, 

. *^H1^ tHjojEi ^:lH1^ ^^-§-01 ;?fl7lsi AlJ^o:] 

^o^7l ^l«7l^ -1-tfl #^5]^ Al^fif AJ.7] ^]|^ je.-y-^fil -tlJ^fif 

^JlS 5-H -^0^7] <2fl^ i'^J-^^ 3 FFT-¥-^ #^^1-^ ^^^7] 

1- Cl S.^^}^ ^^d^S ^fl^ -^21- 

[^J^*J- 15] 

^B^^ -f-^^^ ^^]^ TV ^Ji^^Ei ^ Aij:^ 4€^l-7] ^tl: 5)]^ ^ 

^17]*}: ^ 75A]0- Aj-71 ^1])^ sj]^ ^-g- ^171-^1- 

16] 

^1 15 ^J-'Hl ^C^Ai, AJ.7I ^]]^ <2fl^ ^Aj.^^ 

^0^7] ^A]^ Aij:^ A]^> <=§^'HlAi ^51-4^ ^^3:1-^ ^1 1 FFTCFast 
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Fourier Transform)-T-^, 

^0^7] 1 FFT^ollAi #H^^ ^3^^ oj^o| Aijg^cH] 4^717^]^ 

^^^7]o]]A^ #^5]^ 2l]^o] ^Pi^^ ^2}.^ c^^o] A]^^ 
CfA] A]^ «J<^ 0.5. ^^^5]-^ IFFT^fif, 

^J-71 IFFT^S] ^iTl-^oflA^ ^0.0) ^ssfo^ ^>1: 

■ ^^7] ^1 1 FFT-^oi]A-] cg^o] ^A] Ai^o^ ^on ^^^^ 

-^0^7] ^] 3 FFT-?-Sl ^^-Ij ^5^^715^ ^^>^ ^>S7l 

^>7] ^^7l2^ ^o^7l 7]]==^ «53<^lAi o] ^ x:^^}c^ 

711^ ^^A]^ 41*1*1. ^ cfA] ^7] Tjl^ «55LS 7V'i]:7lS ^^m^ 

o.^ ^11 -i-^ 

[^^^^l- 17] 

^1 16 ^^^i. ^71 ^1 1 FFT-^^ 
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181 

^1 16 «oHl SZ'H'^i, IFFT-¥-^ 

4S #^^1-^ ^^J^S. ^S-^l. 
{^^^*ol- 19] 

^1 16 %H1 ^<>1>1, ^1 3 FFT-¥-Tr 

7^0] ^S. SJ<^] FFT l--^ 3.7] m ^S.^ Oik-t ^7}^ ^ 

^ <^^^s. ^^t}^ ^^^^s. t}^ 

20] 

^1 15 Si<^^i. ^^7] ^vo. ;^i7i«.^ 

^>7] ^11^ 21]^ J^^a-^S] #^31- ^^o] ;^)7l^ 
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